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METHOD, SYSTEM, AND PROGRAM FOR MONITORING 
A CONSUMABLE RESOURCE USED BY A SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a method, system, and program for monitoring a 
consumable resource used by a system. 

2. Description of the Related Art 

[0002] Many printers today provide some alert when certain printer resources are close 
to becoming depleted or have been depleted. For instance, printers typically include a 
small Liquid Crystal Display (LCD) screen to display a message that toner is low, paper 
is out, etc. Further many printer vendors include with the printer driver a program that 
displays at a computer connected to the printer messages alerting users that paper is out, 
toner is low, fuser oil is low, etc. To implement such alert systems, sensors are used to 
detect when a resource is depleted. For instance, the paper tray would include an 
electrical or electro-mechanical sensor to detect when the paper tray is empty. A toner 
and oil cartridge would include sensors to detect when the toner level is near or at empty. 
The sensor, upon detecting that the resource is close to or at depletion, would signal the 
printer processor and the printer processor would, in response, send an alert message to 
an LCD screen at the printer or to a printer management software program running on an 
attached computer. 

[0003] The above described prior art provides status information at a point when the 
resource is near or at depletion level. Notwithstanding, there is a need in the art to 
provide additional status information on the consumption of printer resources, such as 
paper, toner, oil, etc., before the resource reaches depletion level to allow for more active 
monitoring and maintenance of printers. 
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SUMMARY OF THE PREFERRED EMBODIMENTS 
[0004] Provided is a method, system, and program for monitoring depletion of a 
consumable resource in a monitored system. Information is received on at least one unit 
of work to be processed by the monitored system, wherein the monitored system would 
5 deplete the consumable resource when processing each unit of work. A determination is 
made of a rate of resource depletion per unit of work processed. An amount of resource 
remaining after the monitored system processes the at least one unit of work is estimated 
as a function of the determined rate of resource depletion and a number of one or more 
units of work to process. A graphical display for rendering on a computer monitor is 

10 generated indicating the estimated amount of the resource remaining. 

[0005] In further implementations, the graphical display comprises a graphical gauge 
displaying a range of values from zero to a maximum capacity of the consumable 
resource in the monitored system, wherein the estimated amount of the resource 
remaining is indicated on the gauge. 

1 5 [0006] Yet further, notification is received that the consumable resource is depleted in 
the monitored system. A determination is made of an adjustment factor if the estimated 
amount of resource remaining is not estimated to be depleted. The adjustment factor is 
applied when estimating the amount of resource remaining during use of the monitored 
system after the consumable resource is replenished in the monitored system. 

20 [0007] Still further, multiple systems may be monitored. In such case, the estimated 
amount of resource remaining is determined for each monitored system. At least one 
graphical element is displayed on the computer monitor for each monitored system 
indicating the estimated amount of the resource remaining for the monitored system. 
[0008] Further provided is a method, system, and program for monitoring depletion of 

25 a consumable resource in a printer. A print job is received having print matter for at least 
one page. A determination is made of a rate of resource depletion per page. An 
estimation is made of an amount of resource remaining after the printer processes the 
print job as a function of a number of the at least one page in the print job and the 
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determined rate of resource depletion. A graphical element is generated for display on a 
computer monitor indicating the estimated amount of the resource remaining. 
[0009] In further implementations, a data structure is provided indicating rates of 
resource depletion for different printers. A determination is made of an identifier of the 
5 printer to print the print job. In such case, determining the rate of resource depletion 
comprises determining the rate of resource depletion in the data structure corresponding 
to the determined identifier of the printer. 

[0010] The described implementations provide techniques for estimating an amount of 
depletion of a consumable resource used by a system when performing a unit of work, 
10 such as an amount of toner depleted by a printer when printing pages. The described 
implementations further display information enabling the user or system administrator to 
monitor the estimated amount of the resource remaining and take appropriate action to 
replenish the resource if necessary. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Referring now to the drawings in which like reference numbers represent 
corresponding parts throughout: 

FIG. 1 is an illustration of a printing environment in which aspects of the 
invention are implemented; 
20 FIG. 2 illustrates an example of a display of the estimated toner remaining at 

monitored printers in accordance with implementations of the present invention; 

FIG. 3 illustrates tables used in estimating the toner remaining at a printer in 
accordance with implementations of the present invention; 

FIGs. 4, 5, and 6 illustrate logic to estimate toner remaining at a printer in 
25 accordance with implementations of the present invention; and 

FIG. 7 illustrates an example of a display of estimated toner remaining for color 
toner cartridges in a color printer in accordance with implementations of the present 
invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0012] In the following description, reference is made to the accompanying drawings 
which form a part hereof and which illustrate several embodiments of the present 
invention. It is understood that other embodiments may be utilized and structural and 
5 operational changes may be made without departing from the scope of the present 
invention. 

[0013] FIG. 1 illustrates a printer environment in which aspects of the invention are 
implemented. A computer 2 is in communication with printers 4a and 4b over a network 
6. The computer 2 may comprise any computing system known in the art, such as a 

10 personal computer, laptop, palm top, telephony device, desktop system, mainframe, etc. 
The network 6 may comprise any computer network known in the art, including a Local 
Area Network (LAN), Wide Area Network (WAN), Ethernet, the Internet, etc. The 
printers 4a and 4b may comprise any type of printer known in the art. Alternatively, the 
computer 2 may have a direct connection to the printers 4a and 4b through any type of 

1 5 interface known in the art, such as a network interface, parallel interface, serial interface, 
Universal Serial Bus (USB) or any other port type known in the art. Each of the printers 
4a and 4b include a printer central processing unit (CPU) 8a and 8b and a plurality of 
resources 10a, 12a, 14a and 10b, 12b, and 14b. The resources may comprise any type of 
resource consumed by the printer 4a, 4b, such as paper, toner, fuser oil, etc. For each of 

20 the resources 10a, 10b, 12a, 12b, 14a, 14b there is a resource sensor 16a, 16b, 18a, 18b, 
20a, 20b that detects when the resource is approximately depleted. For paper resources, 
the resource sensor would comprise an electro-mechanical sensor that detects when there 
is no paper in the input tray. For toner and fuser oil, the sensor may comprise an 
electrical sensor in the toner and fuser oil cartridge that detects when the level of toner 

25 and fuser oil falls to a depletion level. The toner and fuser oil cartridge may be a 
disposable or permanent. 

[0014] The computer 2 includes a printer monitor program 30 that generates 
information through a graphical user interface (GUI) on the amount remaining for 
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resources 1 0a, 10b, 12a, 12b, 14a, 14b in the printers 4a, 4b. FIG. 2 illustrates a printer 
status window 32 displayed within a monitor 34 (FIGs. 1 and 2) attached to the computer 
2 that is generated by the printer monitor program 30. In the printer status window 32, 
the printer monitor 30 displays a toner status gauge 36a and 36b for each printer 4a and 
4b, respectively, that the printer monitor 30 monitors over the network 6. In FIG. 2, the 
printers 4a and 4b are shown as named "First Floor Printer" and "Marketing Printer", 
which describes where in the facility the printers 4a and 4b are located. The toner status 
gauges 36a and 36b are displayed with a needle 38a and 38b that can extend from 0 
grams to the capacity of the toner cartridge, which in the case of the toner cartridge in 
printer 4a is 300 grams and for printer 4b is 400g. While the printers 4a and 4b are 
operating, the gauges 36a and 36b display an estimate of the amount of toner, or other 
monitored resource, remaining. 

[0015] To determine the current status of toner and display the gauges 36a and 36b, the 
printer monitor 30 maintains the following tables and information to use in estimating the 
amount of toner resource that is consumed: 

Toner Depletion Rate Table 50 : The toner depletion rate table 50 provides a toner 
depletion rate for different types of toner. For instance, the rate of usage is 
different for polyester and MICR toners, and is different for different color toners. 
The rate of usage is expressed in terms of grams of toner used per square inch of 
print coverage per page. The print coverage is the area of the page that is covered 
with toner, as opposed to white space. The toner depletion rate table 50 further 
includes the number of pages printed per gram of toner for each toner type. This 
rate can be used to estimate the number of pages that can be printed with the 
estimated remaining toner. Also included is an adjustment factor for each toner 
type that provides an adjustment per gram of toner and is used during calculations 
to estimate the toner depletion. This adjustment factor (adj_factor) is initialized 
to zero. Both the pages printed per gram of toner (pages_per_gram) and 
adjustment factor (adj_factor) can be modified during printer operations as 
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described with respect to FIGs. 4, 5, and 6 to provide a more accurate estimate of 
these values in the toner depletion rate table 50. FIG. 3 illustrates an example of a 
toner depletion table 50. 

Contrast Table 52 : For each user selected contrast level in a printer type, the 
contrast table provides a contrast factor that is used to adjust the estimate of the 
amount of toner printed on the page. The contrast describes the optical density, 
which is the degree of contrast or darkness at a certain coverage. At an average 
or normal contrast level, the contrast factor is one. If the user selected contrast is 
above a normal level, then the contrast factor is some predetermined value greater 
than one; if less than the normal level, the contrast factor is some predetermined 
value less than one. FIG. 3 illustrates an example of a contrast table 52 providing 
different contrast factors for different user selected contrast levels and printers. 
Alternatively, there may be separate contrast 52 and boldness 54 tables for each 
printer type. 

Boldness Table 54 : The user can select the thickness or boldness of the fonts and 
lines on a page. Boldness is also known as dot gain, which is the degree of 
overboldness for a certain dot or pel. The boldness table 54 provides for each 
user selected boldness level and a boldness factor that is used to adjust the amount 
of toner printed on the page. At an average or normal boldness level, the 
boldness factor is one. If the user selected boldness level is above a normal level, 
then the boldness factor is some predetermined value greater than one; if less than 
the normal level, the boldness factor is some predetermined value less than one. 
FIG. 3 illustrates an example of a boldness table 50 providing different boldness 
factors for different user selected boldness levels. 

Print Coverage Function 56 : This function provides an amount of print coverage, 
i.e., the percentage area of the page covered with toner, given the compression 
level, size of the compressed file, and number of pages in the print job as input 
parameters. Three input factors that affect the print coverage per page include the 
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number of pages, the compression ratio and the print file size. The fewer the 
number of pages, the greater the print coverage per page, i.e., square inches of 
printed matter on the page, because the data provides print output for fewer pages. 
The higher the compression ratio, the greater amount of uncompressed printed 
matter there is and higher the print coverage because more uncompressed print 
data is included in the file. The larger the file size, the more print data included in 
the file and, thus, the greater the print coverage for the pages in the print job. 
The print coverage function 56 for a particular toner and printer can be calculated 
applying numerical analysis to empirical data gathered by observing the print 
coverage resulting from print files having different numbers of pages, 
compression ratios, and file size. In the described implementations, a print 
coverage function 56 is provided for each toner type for which information is 
maintained, such as for the toner types listed in the toner depletion rate table 50, 
and for each printer type. 
[0016] FIGs. 4, 5, and 6 illustrates logic implemented in the printer monitor 30 to 
estimate the amount of printer toner available and display information on the amount of 
available toner as shown in FIG. 2. The logic of FIGs. 4, 5, and 6 uses the following 
variables: 

pages per gram: estimate of the number of printed pages per gram of toner for 
the printer 4a, 4b. This value is maintained for a particular toner type in the toner 
depletion rate table 50. 

max toner : provides the full capacity in grams of the toner cartridge being 
monitored. 

tonerjeft : provides an estimate of the amount of toner left in the cartridge using 
the logic of FIGs. 4, 5, and 6. 

adifactor : used to adjust the estimate of the amount of toner left. This value is 
maintained in the toner depletion rate table 50 for the different toner types. 
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pagesjorinted : Number of pages printed during the use of the current toner 
cartridge. 

[0017] With respect to FIG. 4, control begins at block 1 00 with the printer monitor 30 
beginning to monitor the toner level at a printer 4a, 4b when a new toner is added to the 
printer 4a, 4b. The printer 4a, 4b is queried (at block 102) to determine the toner type 
and the amount of grams of toner when the cartridge is full. The estimate of the pages 
printed per gram (pages_per_gram) is determined (at block 104) from the toner depletion 
rate table 50 for the determined toner type, i.e., in the row of the determined toner type. 
The printer monitor 30 initializes (at block 106): the maximum toner variable 
(maxtoner) to the determined amount of toner when the cartridge is full; the amount of 
toner left variable (tonerjeft) to the maximum toner (maxjxmer); and the pages_printed 
variable to zero. The printer monitor 30 then generates (at block 108) information to 
display a toner gauge on the computer monitor 34 extending from 0 to the maximum 
toner (maxjoner), such as the gauges 36a and 36b shown in FIG. 2. A needle, e.g., 
needle 38a and 38b (FIG. 2), is displayed (at block 1 10) in the gauge pointer to the toner 
left_value, which initially is the maximum toner. Also displayed (at block 1 12) in the 
gauge is the estimated pages left that can be printed with the estimated amount of toner 
remaining in the cartridge, which is the estimated pages per gram (pages_per_gram) 
times the amount of toner left (tonerjeft). 

[0018] With respect to FIG. 5, a print job file having data for one or more printed pages 
is received (at block 1 30) at the computer 2. If the computer 2 functions as a printer 
server, then the print job file may be transmitted from another system for queuing and 
spooling at the computer 2. Alternatively, if the computer 2 is a stand alone system, then 
the print job file may be generated from an application executing within the computer 2. 
The printer monitor 30 determines (at block 132) the number of pages in the print job, the 
compression ratio, file size, contrast, and boldness of the print job. Such information 
may be maintained with information included within the print job file. For instance, the 
print job file may be included within a framework that provides information on the 
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characteristics of the printer and the printer job, such as the IBM Intelligent Printer Data 
Stream (IPDS) framework, the Adobe Corporation Document Structuring Convention for 
PostScript, etc. The printer monitor 30 then calls (at block 134) the print coverage 
function 56 for the particular toner type and printer with the number of pages, file size of 
print job and compression ratio of the received file. In response to the call, the print 
coverage function 56 returns the print coverage or number of square inches of printed 
matter for the entire print job, which may comprise one or more pages of output. The 
contrast table 52 is then accessed to determine (at block 136) the contrast factor 
corresponding to the contrast level set by the user and the boldness table 54 is accessed to 
determine (at bock 13 8) the boldness factor corresponding to the boldness level set by the 
user for the print job. From the toner depletion rate table 50, the depletion rate per 
square inch of print coverage is determined (at block 140). 

[0019] After gathering all the information needed, the printer monitor 30 multiplies (at 
block 142) the determined print coverage times the determined toner depletion rate for 
the toner type, then multiplies this value times the boldness factor and contrast factor. 
The result of this multiplication, which provides an estimate of the amount of toner 
depleted for the print coverage, is then multiplied (at block 146) times one plus the 
adjustment factor for the toner type to produce the final estimate of the amount of toner 
that will be depleted (toner_used) for the print job. The adjustment factor may be 
negative or positive. If (at block 148) the toner remaining (tonerjeft) is less than the 
estimated toner needed for the print job, i.e., there is not enough toner estimated to be left 
for the print job, then the printer monitor 30 displays (at block 150) a message on the 
monitor 34 that there is not enough toner remaining for the print job and prompts the user 
to select whether to cancel or proceed with the print job. If (at block 152) the user selects 
to proceeds with the job or if (from the YES branch of block 148) enough toner is 
estimated to remain for the print job, then the print job is rasterized and sent (at block 
154) to the printer 4a, 4b for rendering. The remaining toner variable (tonerjeft) is then 
set (at block 156) to the current tonerjeft minus the estimated toner used for the print job 
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(toner_used). If (at block 158) the estimated toner remaining (toner_left) is greater than 
or equal to zero, then control proceeds back to block 1 10 in FIG. 4 to display the needle 
38a and 38b (FIG. 2) at the remaining toner (toner Jeft) value of the gauge 36a and 36b 
for the target printer. If the estimated toner is less than zero, then the needle on the toner 
5 gauge is displayed (at block 160) at zero. In certain of the implementations, the 
estimated remaining toner (tonerjeft) may be less than zero if the printer monitor 30 
overestimates the amount of toner used. 

[0020] In steps 148-154 in FIG. 5, the printer monitor 30 used the estimate of 
remaining toner to decide whether to allow a print job to proceed. In alternative 
1 0 implementations, the printer monitor 30 may only be used to estimate the remaining 
resource level and display the gauges, and not determine whether sufficient resources 
remain to allow a print job to proceed. 

[0021] FIG. 6 illustrates logic implemented in the printer monitor 30 to respond (at 
block 180) to a notification from the printer 4a, 4b that the toner resource has depleted. 

1 5 As discussed, the toner cartridge resource may include a sensor that sends a message to 
the printer CPU 8a, 8b when the toner reaches a depletion level in the cartridge in a 
manner known in the art. The printer CPU 8a, 8b would then communicate the message 
to the printer monitor 30. When receiving the depletion signal, if (at block 182) the 
estimated remaining toner (tonerjeft) is not approximately empty, then the printer 

20 monitor 30 has over or underestimated the depletion of toner at the printer 4a, 4b. The 
approximate empty value may include a margin of error, such that over or under 
estimating by a few grams is accepted. In such case, the printer monitor 30 (at block 
184) divides the estimated remaining toner (tonerjeft) by the full toner capacity 
(max_toner) to determine percentage of under or over estimation made for that cartridge. 

25 This over/under estimate percent, which is some value between negative one and positive 
one is added to the current adjustment factor (adj_factor) maintained in the toner 
depletion rate table 50 for the toner type to update the adjustment factor (adj_factor) for 
future uses of the toner type for the specific printer 4a, 4b. 
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[0022] Moreover, if (at block 1 86) the pages printed (pages_printed) is approximately 
equal (within an acceptable level of error) to the pages per gram estimate times the full 
capacity (maxjoner), then no adjustment of the pages printed per gram is needed. 
Otherwise, the pages_per_gram is set (at block 188) to the actual number of printed 
5 pages (pages_printed) divided by the total number of grams (maxjoner) when capacity 
is full. 

[0023] In the described implementations, the printer monitor 30 may maintain the 
tables 50, 52, 54, and 56 for each different printer 4a, 4b being monitored or for a specific 
type of printer. In certain implementations, the adjustment factor (adj_factor) and 
1 0 pages_per_gram are maintained on a printer-by-printer basis because each printer, even 
printers of the same type, may have different capabilities due to their environment, age, 
etc. 

[0024] In color printer implementations, there are multiple toner cartridges used for a 
print job. In such case, the tables 50, 52, and 54 would maintain information for each 

1 5 color toner (Cyan (C), Magenta (M), Yellow (Y), and black (K)) used in the printer. 
Further, the steps in FIGs. 4, 5, and 6 would be performed with respect to each toner 
cartridge in the printer, with the exception of block 134 in FIG. 5 where the print 
coverage is determined. To determine the print coverage for a color toner, the full print 
coverage for the print job is determined as described above, with the exception that the 

20 print job is processed to determine the percentage of the actual particular color in the 
print job for the entire print job. This determined percentage is then multiplied by the 
print coverage for the full coverage to obtain the print coverage for the particular color 
toner, which is then used throughout the remaining steps following block 134 to estimate 
the amount of toner that has been used. 

25 [0025] FIG. 7 illustrates a display 202a, 202b, 202c, 202d displaying the remaining 
amount of toner for each CMYK color in the color printer. 

[0026] The printer monitor 30 may also estimate the amount of fuser oil consumed and 
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display a gauge, similar to the gauges shown in FIG. 2, showing the amount in grams of 
toner oil remaining. The fuser comprises the pair of rollers through which the paper on 
which toner is deposited passes through to "fuse" the toner into place on the paper. Fuser 
oil comprises a special temperature resistant oil that is applied to the fuser rollers to 
5 prevent toner from adhering to the rollers. On production printers and large workgroup 
printers, the fuser oil may be supplied separately to the printer and poured into a small 
tank in the printer. Smaller printers normally incorporate the fuser oil into the fuser 
cleaning pad. To estimate the fuser oil usage, the printer monitor 30 would need only 
one table for each printer that provides the amount of fuser oil consumed per printed page 

1 0 for different print models. In this way, after processing a print job comprised of one or 
more pages, the printer monitor 30 can estimate the amount of fuser oil remaining by 
subtracting an estimated amount of fuser oil used for the print job. Further, just as 
boldness and contrast operator settings were used to provide a more accurate estimation 
of toner depletion, operator settings may be used in the estimation of fuser oil usage. 

1 5 The printer monitor 30 may provide factors for the different media types that may be 
used in the print job, and adjust the estimation of oil used based on the media type in the 
print job. Further, the printer monitor 30 may consider an operator selection of fuser oil 
rate (such as 1 to 100, or low/medium/high) to control the amount of oil used. 
[0027] Additionally, an adjustment factor may be maintained for each printer that is 

20 applied to the estimated amount of fuser oil used. After the printer monitor 30 is notified 
by the printer 4a, 4b that the fuser oil tank is empty, the printer monitor 30 would 
generate a fuser oil adjustment factor based on the current estimated fuser oil remaining 
when the message that the fuser oil tank is empty is received. This fuser oil adjustment 
factor would be applied to each estimate and may be adjusted each time the fuser oil tank 

25 is emptied. 

[0028] The described implementations provide a technique for continually monitoring 
the current resource level in a system using software. By using software estimation 
techniques to monitor resource usage, the described implementations provide monitoring 
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without the need for additional hardware, such as multiple sensors to monitor a resource 
level. For instance, one could design a print cartridge to include multiple sensors to 
detect the remaining amount of resource at various levels, such as different points in a 
cartridge or reservoir. However, including additional hardware sensors in the cartridge 
or at the device, which in the case of a cartridge may be disposable, can increase the costs 
of the system. The described implementations provide continual monitoring of the 
resource without the need for additional monitoring hardware, such as multiple sensors. 
[0029] With the described implementations, the printer monitor 30 may use both 
operator settings (contrast, boldness, oil rate, media type, etc.) and unique parameters 
(accounted for with the adjustment factor) inside the printer to estimate the resource 
depletion. Further, the use of the adjustment factor allows the algorithm to adapt to 
printer specific factors, such as the environment, age or misadjustments of the printer, in 
order to provide for greater accuracy in the estimation of resource levels and the 
information displayed in the gauge. 

[0030] Customers may use the information displayed in the gauge of current resource 
levels to plan the purchase, storage, and allocation of resources necessary for printer 
operations. For instance, a customer that prints phone bills 24 hours a day can use the 
information on current resource levels provided in the gauges to more efficiently manage 
the purchase and stocking of the resource, and avoid inefficient purchasing decisions and 
use of storage supply space. 

Additional Implementation Details 
[0031] The preferred embodiments may be implemented as a method, apparatus or 
article of manufacture using standard programming and/or engineering techniques to 
produce software, firmware, hardware, or any combination thereof. The term "article of 
manufacture" as used herein refers to code or logic implemented in hardware logic (e.g., 
an integrated circuit chip, Field Programmable Gate Array (FPGA), Application Specific 
Integrated Circuit (ASIC), etc.) or a computer readable medium (e.g., magnetic storage 
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medium (e.g., hard disk drives, floppy disks,, tape, etc.), optical storage (CD-ROMs, 
optical disks, etc.), volatile and non-volatile memory devices (e.g., EEPROMs, ROMs, 
PROMs, RAMs, DRAMs, SRAMs, firmware, programmable logic, etc.). Code in the 
computer readable medium is accessed and executed by a processor. The code in which 
5 preferred embodiments are implemented may further be accessible through a 

transmission media or from a file server over a network. In such cases, the article of 
manufacture in which the code is implemented may comprise a transmission media, such 
as a network transmission line, wireless transmission media, signals propagating through 
space, radio waves, infrared signals, etc. Of course, those skilled in the art will 
1 0 recognize that many modifications may be made to this configuration without departing 
from the scope of the present invention, and that the article of manufacture may comprise 
any information bearing medium known in the art. 

[0032] The program flow logic described in the flowcharts above indicated certain 
events occurring in a certain order. Those skilled in the art will recognize that the 

1 5 ordering of certain programming steps or program flow may be modified without 

affecting the overall operation performed by the preferred embodiment logic, and such 
modifications are in accordance with the preferred embodiments. 
[0033] In the described implementations, consumable printer resources were 
monitored. However, in alternative implementations, the technique for monitoring 

20 consumable resources and displaying a graphical gauge may apply to any type of device 
attached to a processing device that is capable of being notified when a resource is 
depleted and has access to information on resource depletion rates. For instance, 
monitoring system described herein be used to monitor resource depletion in facsimile 
machines, copiers, and any other device that consumes a replaceable resource. 

25 [0034] In described implementations for monitoring the level of a resource in a 

reservoir or cartridge, only one sensor was included in the cartridge at the depletion level. 
Further implementations may include additional sensors to detect resource levels prior to 
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depletion in order to provide for more frequent calibration of the data used to estimate the 
resource level, such as the adjustment factor. 

[0035] The GUI panels shown in FIGs. 2 and 7 are for illustrative purposes. Graphical 
design elements and GUI functions may be added and removed without departing from 
5 the invention. Further, gauges for different resources and/or different printers being 
monitored may be concurrently displayed 

[0036] The monitored printers may comprise any type of printer device known in the 
art, such as a laser printer, thermal printer, dot matrix printer, ink jet, line printer, LCD or 
LED printer, daisy wheel, or any other type of printer device known in the art. In such 

10 case, the printer would activate the electronic or electro-mechanical components within 
the printer in response to the one or more notification messages. 
[0037] The foregoing description of the preferred embodiments of the invention has 
been presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. Many modifications 

15 and variations are possible in light of the above teaching. It is intended that the scope of 
the invention be limited not by this detailed description, but rather by the claims 
appended hereto. The above specification, examples and data provide a complete 
description of the manufacture and use of the composition of the invention. Since many 
embodiments of the invention can be made without departing from the spirit and scope of 

20 the invention, the invention resides in the claims hereinafter appended. 

**IBM is a registered trademark of International Business Machines Corporation and 
Adobe and PostScript are trademarks of Adobe. 



